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Advances on research of structure and function of puromycin
sensitive aminopeptidase
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Abstract: Puromycin-sensitive aminopeptidase (PSAP) belongs to the M1 family of aminopeptidases,
characterized by the N-terminal substrate binding sequence GAMEN, the enzyme activity center HEXXH(X) ,E
motif, and the C-terminal ERAP-1-like superfamily structural domain. Encoded by the gene NPEPPS located at
17g21.32, PSAP consists of 919 amino acids and is widely distributed throughout the human body, with the highest
expression in the brain, followed by the heart and skeletal muscle. It is also found in the liver, renal tubular
epithelium, small intestine, large intestine epithelium, and gastric epithelial cells. PSAP primarily relies on its
aminopeptidase hydrolytic activity to remove toxic protein aggregates such as Tau, poly Q, and Cu, Zn-superoxide
dismutase 1, making it an important factor in the development of diseases such as Alzheimer's disease,
Huntington's chorea, and tumors. Existing PSAP inhibitors include bestatin, amastatin, leuhistin, actinonin, and
purinomycin, some of which are already available or in clinical trials. This review provides an overview of the
structural and biological functions of M1 family aminopeptidases, with a focus on PSAP, to facilitate further
research and targeted drug development.
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JIK (peptidase) J& — PP REWE K AR IR BE I . A1)
] LAy AP RZE A, B BKES (endopeptidases) 71k
fitf (exopeptidases). FtH1 A Ik /2 — P I8 B 1 0T 40
T IRBRE I B R DRI . AR 2 — P A R i K
BT 2 A, AT DLKE R g BN KB R B gy T
bR o AN AR A HC YU IKBE R o Dy 2 B i BOR R
i XA 43 N & KB (aminopeptidases) 18 & ik
(carboxypeptidases). 2 MK 3= EEMEAL 2 KB E A
- ity i 125 2 21k TR B ik FA) K AR K 20 B K g T )
T & B = kB, KGR E1~2 418 5 7 4,
W1 Zn* \Mn’*" Co™", Hrf oK 2 2 Ik g 2 Zn™ fCM 1
B F5r SR 75 ZE PP AN B 1 4 8 5 14 i,
— M eEE TRELER, BN T AT
BT SBT3 AT T sh A A A B A LR
RISk A B 005N AN S B A
FR A, KA S 5 A% 1A BRI R, g 5L R 1
VAT 5 R A T 2 R R O e AR K K
I AR B B A S AR e R AR

KR 4 18 10 7 AN [F AT 4 2R 3 KK, 4 il 2
& )8 ZUIKHE e 2R =K A 22 R 2 Ik . AR
&8 B 1 T AE B AL B T DK <6 e = K 43 M1 A
M2 Z KB . M1 ZJIKEF (M1 aminopeptidases) 15 12
Bl N R 2 IKEE (] 1), Fous ok 3 2K T Zn® ™. M1
KGR A W 5% = B LR ST 1 2R 7 - HEXXH(X),E Al
GXMEN. Zn*45i & m AR R AN Z R A, 733
P F W5 46 SCTAT B g e 1O B 7T 2R B, ML &K
A Zn? O KA HE A R GXMEN £ 7

Nl DLy L e = 23[17 =
EH] TR JER A N-i i 2 ) & R . ML IR T
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R SV 200 B 5 57 RO AN [ A 23 A R AN AR R 45
A, Hor 4K 2 B0 M1 UK & A 25 I 45 f 35k,
A7 7E 2N R T A i 23 e | . % BKTE N (aminopeptidase
N, AP-N). AP-A FJig & 2 815 1) 2K (insulin regulated
aminopeptidase, IRAP) & 7 T- 40 ffl i, AP-Q- {2 F IR /iR
2 R I K B R B (thyrotropin releasing hormone
degrading enzyme, THR-DE). A J5i W Z Ik 1 (endoplasmic
reticulum aminopeptidase 1, ERAP1) f1 ERAP2 & i T
LA, AP-B [ IRAP 7 W 2 U4k, 11 =4 Ad K fi#
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Figure 1 Comparison of structural domains among members of the M1 aminopeptidase family
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Table 1

Human M1 aminopeptidase family. TRH-DE: Thyrotropin releasing hormone degrading enzyme; AP: Aminopeptidase;

RNPEPLI: Arginyl aminopeptidase like 1; LTA-4H: Leukotriene A4 hydrolase; ERAP: Endoplasmic reticulum aminopeptidase; IRAP:

Insulin regulated aminopeptidase; PSAP: Puromycin-sensitive aminopeptidase

Protein Gene Subcellular . .
o Function and related disease
name name localization
AP-B RNPEP  Secreted Removes arginine and/or lysine residues from the N-terminus of several peptide substrates; Haverhill
fever, subacute bacterial endocarditis''”
AP-Q LVRN Membrane Regulate biological activity of key peptides at the embryo-maternal interface; lacrimal gland carcinoma

and lacrimal gland adenoid cystic carcinoma

TRH-DE TRHDE Membrane

[20]

It specifically cleaves and inactivates the neuropeptide thyrotropin-releasing hormone; thyroid hormone

resistance, generalized, autosomal dominant and developmental and epileptic encephalopathy 2!

AP-N ANPEP  Cell membrane

It is involved in the final digestion of peptides generated from hydrolysis of proteins by gastric and

pancreatic proteases; a receptor for the HCoV-229E alpha coronavirus as well as other non-human

coronaviruses, gastroenteritis and B-lymphoblastic leukemia/lymphoma’

AP-A ENPEP  Cell membrane

71023241

RNPEPL1 RNPEPLI Unknown

2]

It can cleave N-terminal acidic residues from angiotensin II; choriocarcinoma and retinitis pigmentosa

Broad specificity aminopeptidase. It preferentially hydrolyzes an N-terminal methionine, citrulline or

glutamine; type 2 diabetes mellitus"”

LTA-4H LTA4H  Cytoplasm

AP-O AOPEP

atresia!®®!

ERAP2  ERAP2 ER membrane

eclampsia®>"

ERAP1  ERAPI ER membrane

Possessing dual activity as both a hydrolase and an aminopeptidase, promoting the production of
leukotriene B4; associated with asthma and palatal cancer

[26,27]

Nucleolus/cytoplasm Aminopeptidase activity; dystonia 31 and tracheoesophageal fistula with or without esophageal

The N-terminal cleavage of MHC class I molecules for antigen presentation; spondylitis and

Involved in trimming HLA class I-binding precursors, promoting antigen presentation and cleaving the

N-terminal amino acids of angiotensin II; peeling skin with leukonychia, acral punctate keratoses,

cheilitis, and knuckle pads and behcet syndrome

IRAP LNPEP  Cell membrane/

secreted

[32-34]

Cleaving the N-terminal amino acids of substrates, especially those before cysteine and leucine
residues; placental site trophoblastic tumor and birdshot chorioretinopathy’

[35]

PSAP NPEPPS Nucleolus/cytoplasm Cleaving the N-terminal amino acids of substrates to degrade enkephalins; frontotemporal dementia

and Alzheimer's disease

[36-38]

(HCoV-229E) iRyl 52tk 2 —1, H il 2 A0t 5t 4]
FAFETF K AP-N 1| 771, DAAIE 76 FC A8 it 83 A AR5 7%
o B R | MR LA RE AR A5 T T PR R R
1.2 AP-A

AP-A R —Fh MRS & H, B 957 MR FERA
o B B — AN LI N-3i A 5 AL e — A LB E
JELA L — AN NRAT— AN K C-31 R AP 5 #3802 . AP-A
FELLZRAEME ARG S T AR, AP-A HA 5
SRR RE 77, RT DURE TR0 R B 19 1 N-3if 73 2 PR
R K RARREEY . AP-AT 204 T & BH 4%, H
TE R o8 RS IE R RRR A 0 B B 2 T H A 2,
W LR, AP-A TE X R T Ry E B A . o
AT DURE I35 SR 5K 2R A 5 M A o I R 5K R T, 2
5L R 4ERR . X SRR AL BE D IR T Ca” ik
JEE (AR B A R T 22440,
1.3 IRAP

IRAP 2 —Fh I BUJEESE & B E, 1 025 NS B R
PR B HA — AN B 109 A S R 4H B N-g Jifd 53 14
G R 3ORT — A R 893 AN S HE R 4 1T M A1 IX, v
OV T B AR X, TRAP 55471 75 Jig i AL A 440 A v

KRB, 55 % B S 1K GLUT4 36 5 7 T 45 Bk 16 38 3
o I TR LE B F AR N A B A
FEE, 12 4F 200 A 1 7 4 R FR Y. JS R, TRAP T8 i A
Jifa 28 Hp B oy Bt ke, R I AT DO BRI (o P R
M 2R) TR S VIE] . AN, IRAP X L 55 5K
E IV} H 32 4K LVV-haemorphin 7 B A5 35 Al 1. X
L6 22 IR I 0 5 AN BE RS AR G, R IRAP 00 A 72
TEYT DN AG (0 78 78 B A5,
1.4 ERAP1/2

ERAP1/2 J& T 7= Z B KM%, £ NARH )
AR AR ONE AR DL R R i SRk KPR
=% ERAPI & — M 2 DI GERE, 7 2 MoK il 22 0 1
KE, ETHLAMAERE G/ T (MHCT) &
O AT TR R IR, ERAPLIEVEAL S A 5 5 9~
IS EBR M SR 25 &, 456 )5 7K Al N- i 2 2 R 7%
%5, ERAP2 5 ERAPI K45 AHAL, —# #HE 5 MHC 1
Ko raGIitRELRE, 2 5805 E 8 ER.
SN B BT R W, ERAPL/2 558 M 4
FEHI 1), ERAPI fi1 ERAP2 ()% W58 38 5 % Fil A 2%
PN O BRI« B B e AR ) AH G,
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1.5 LTA-4H

LTA-4H & — P B A7 S0 5L Ik B A0 2R S8 A0 & 0 K
il 5 4 TR AL T RE Y. LTA-4H HH 625 5 5 1R 44 %,
P18 N 3 AEERIIR, 439 N-3ifi 4 4k A0 F C-3i, 1X
e 28 1) 39 DR F 1 = A TR HES, 7R E A2 R TE il —
AN VR TR I 2L 5% 3E M b 0 6 T 3 1) 2 4 1 S R,
LTA-4H 7EVF 2 M i 354 RI8, JUHZAEVF 2 S 4
Ji o LTA-4H 35 14 18 4k A o0 5 i 7 BRI 1 = 0
A4 (LTA4) 45 &, i 5k 4 30 S AL WK il e N,
LTA4 ¥ AL B LTB4, 2 5 1A% 1) 9 0E S [ 8L 1 341K
UG M /MRBOE B 77 S IR 5 IR R AR S
j‘i‘*lilz[&,&]o

gx BTk, M1 Z Ik 2 — K2 RIARE, B 5 M
i R B 4 M S A o 6 R B R AL — A N- i
PR L 5 e — I T TR A e LA A 1 0 1Y) C- i
SEAR RIS (] 1), BT M1 &K EEE VDT R TR
MIeES D48, N 298t B, e I U &
BB ATAT PE . Bl X M1 & BB 7E 5% R AR BT
FE b Dy RE B 5T H 28 BRON, A 75 0 FF 0% W 2
FIE.
2 PSAP
2.1 PSAPHILEH

PSAP T 1980 4 5 IR Mk 4l i . R 2 1)t 78 3R
BH, % 2 IR TE 2 1 2R I B g MR R T R R R
HEPIER, BT B A AH SS9 V6 IT 1 B R0 A

1980 4, Hersh %5 M 4= A 1~ BOK BRI AR P2 L T
—FhHT A E IR, AT LK AR P HE TR N S R R -
YA, 1% BRI 30 L il o) W e 25 32 U . 7R B S 1
30 Z4E R, BEAEA TN PSAP BEAT T VEAN IR 58, B35
LR DR 58 7 B 2 A e B A G M SR T T

PSAP t 5 [l NPEPPS %ihd, A7 26 /> 41 i il
24NN E T, BT 17q21.32, K B 414 40 kb,
PSAP &K 919N B, TE NMERW A+ 502, I
JE VN bR N AR W b R SR 4 B AN
S OH SR A Rk, 1O W R BE LR S e L
il 2H 2458 270, FEAN L, PSAP I8 & E 7 T 41 i T
gz, 72 KR A TEI G G K. fTER 2 n
dfEd, PSAP 2 59k di G, S 5T H 25 H
j‘i%ﬂz[iw]o

PSAP 45 N-¥t M1 APN-Q ££45 #35 (M1 APN-Q
like domain, 61~499 i Z J:1R), tH 2 A p- I JZ 45 1
WL, HA S R4S 5 GAMEN J2 B3 A1 0
HEXXH(X),(E 3 ¥ ; C-Jii ERAP-1 £ # 5 It (ERAP1
superfamily) 5 #3847 T 579~891 i1 R FE IR, 1% 45 #4
T 16 A o W e 2H B 8 AN FAKE HE 5T S5 1, X FE I 45 1

TR AT SRR ST & — A BRI M TH, [ TH 51
1) S PR (3 P o, R OB TN, B E LS
SHAE A, 3@ id X Alphafold T (1) 2 13 45 # 3k
1747 BT K L, PSAP 1~241 {7 & FE B A4 1) p- 7 J2 45
R R, X5 MR R 05 SR 5
PSAP BEARZE AL T — R T, Wi O K e 2 T
Fo0 HIAL B, AH A At 1 [R5 Bl B 0 R R, IR A
PSS EAEE LR (K2).

464 Nitrosylation site

352/353/356/375 Active site
316-320 Substrate binding site

Figure 2 The predictive structure of PSAP

PSAP & A BB MR IEF >, A 464 7 1 AF 240
M. J% T RALXT PSAP Uy g 2 i i 4R i 5 /b, it
T R IR AL 309 A (45 R 2= 5 BUPSAP 2k 25 g it
AR N TGS S5 G B, AL 394 AL 5 T R R
T EVE R IR TS
2.2 PSAPHYEHIFTNAE

CLA B 9T % B, PSAP 1] DK i 5 ME I R o M ik
S5 R Y YR IR, AT IR 3 O A IR TR i e B AR
A BT 7E S 7 PSAP 1 35 P 8 117 B S B AN i
TBIT ST —E R DIRE .

TERE VEHE HIE BR J7 1H, BF SN 52K B PSAP AT LA
Z5ERSEENEAR, 12 RXE A BT 5
(polyQ). WHF.2h¥HE (B4 oL V1% polyQ J¥ 41, T
PSAP /2 M ——Fh e 45 V5 1k polyQ F¥ 41 i Al Joi Bifg, 1 H.
PSAP & 18 i {2 12 polyQ Y H Wi [, By 1k HAE 40 i
W SR ART . Ak, PSAP i e A% HIE ] 9 HE 1 2R 4R 1) 4R
B A B AL (SOD1) & AT e fil . fENLZE
il 2% A 1k iE (amyotrophic lateral sclerosis, ALS) H',
SOD1 & H [ R B & T4l A T — A %
. BT KR SODI1, PSAP [ 1 3L 7 41 i 1 ) =F
J5, AT AT BEXT ALS [958 BE Ik it A2 381 4iE 2% A 040 (1) A
T, TERT R 2% BRE (AD) HIHF 7+, PSAP [ %
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IERERS IR/ Tau B AR . B A EM L E R
PR AL (1) Tau 2 (A (1A 22 AD J 5 Tau 5 4 AH 5% (1) i
ZIBRAT MR I B AR E . FF AN R E BAC-
PSA/NPEPPS #% 2k K /] i -4 55 Tau™"" #2228 11 /1N
RS RN AT 28 SR BN, 305 1%/ A AY H B0
TIRFEIEZZ [ s, I8 sh i oot B ST, ML
AfF 5T 2 B PSAP i 1k A LARH 1F i 2 % R A6 Tau 25 A
(AR 2R, AT P= A e 2 R4 /R FPO™ . A, —2emt 5%
8 3 ) FH VEE A B 3 4 24 A L AE A0 R K SP AIE SE T
PSAP 2 5 7 Tau & (A MK W°". H AT, HiE LA
PSAP 8 ik 3SR B 135 P, 75 40 28 0 40 M m sk 55 1
FHORE AR, AR WA T, M 2R 1T
PESIE K o

FE RS R 57 TH , PSAP AT US4 2 IR 40 it v 1)
Z ik, BRI MHC 1289 7 40 )5 bl #2, (HA 2
CD8' T 40 Fe e &), 5 SEF 7 W, PSAP ] DA
B Ak B 1 0 G AT 2R K B 89 TS, B ERAP1 F1 ERAP2
BT HLE K, SR J5 B &0 1) Bt 5 Ik A T MHC 1289 7
[k 5. — RV A IR H CEI 5T K B, PSAP Al g i
Je 2 Pl G g% A T B0, Ui B T R % R R L U
PRI « 28 14 Jl o A0 1 2B PR 250 SR, H RN IR
W R A VEGH BT 9T 48 38 PSAP 78 3 655 v 1 ELAA A
FABLE, PSAP I 7E 16 9T LR o B 74548 A2
=

PSAP TE I8 (1367 Az Wy T R EEAEA .
W PSAP ] DAAE Sy 45 i e i s v 2B 4, FH T Igeg 1
LW TS, PSAP TETifE o = R IE, KL 7 A 5
Wit T — R H T PSAP K A Bl i P 1 58 4R 6T — 5
LG - T R R -2- A SEHE R B (QA-20mesir),
AT LA PR S R S50 T g /N 5 A ok S A A e R i
G, i HE T ARBORT, BTN R BLEE S PSAP
AT LA B N BT 51 s PC-3 41 i () 389 58 3 4% Al s 22,
I 3R & R R A B -9 (MMP-9) (1) 7 Wk F1 3R
k7Y, PSAP i AT DAAN A4 AR 1 25 B B 7 3@ 1E (volume
regulated anion channel, VRAC) LRRCS8A &5 &, FE{K A1
LT T P PR AL, 3K T i o A 7 J PO R % b R g
PR G R 22— BhAk, BT REA B R T ik
T8 1 PS AP i v7% 40 1) 770 7E 4k A0 0 1 1055 40 B R SRR Y
BRI (R A 1) 3 12 A2 JMRE G2 U T, PSAP L5 JHOR
S VR 20 M BE T Wk E2 40 B (cytotoxic T lymphocytes,
CTL) A7 172 A5 F0 E g B R A D¢, 1% 3R AL AE [ 195 A1
o R e 20 Pt b 3R 0K, T ASLE IE 1 RAT 4k 40 il 1 EBV
Al 1) B bk T BEAH i R Ik Y

TEAK K E J7TH, PSAP 1A 22 5 SRR E 55 24 4
IF) % 4 B AR, PSAP B [R5 B 0 T4k /I Ik B, A1 gt

& E USG5 16 T 00 R, B ER 2 5 e 41
JE P, R PSAP W] 5 8 C2C 12 FUL4H M 1) 40
SRR 52 40, A MR A T G2/M . Ik 4b, 7E PSAP
TR i 53 1 R LA B 5 5 L A S5, 8 I 2 %
(5] T2 LA A AR A 12 453 IR, 3% B PSAP X B UL AH A 2E
K i Be 1) 38 5 A1 43 A B B 1 4 A P AL KA
TAER®, LE/NR A, PSAP R K f &R A0 G A B0
b SRR EED, I B RN AT, R
PSAP fEA Kk & 77 TH B A B EFEHS,

i BRI 5T 2 Ak, B HT 0t 9T B PSAP & JHIE i
AR — AN S H A7 . PSAP 38 3L 11 1] NF-E2 AH 2%
[+ 2 (nuclear factor erythroid 2-related factor 2, NRF2)
2 F A, F2E NRF2 5 1Rk, sSeal Hpr s b ohag .
I, PSAP A G & 6 77 AR 1K V5 I 5 V5 % (NAFLD)
MV LE A Wb S FIIE 7 0 s s ek, PSAP B 5 £k
& P IR = A2 B SR R AR SR P

DA B 55 2 B, PSAP 1E A [F] f 5 0 v 43 T 35 A
A f €. /E B8  Hh, PSAP i ik A Bh T % 9 1)
T, 12 5 — S5 v, PSAP mi B A B T 9595 1 I
o X $E R PSAP £ A [F] AR B3 B 2R BE b AN [R] R
MeE G Re s KEAFR IR, Kk, &S/ T PSAP
FR)JEE 0 b 2 LR A A AR FH O AR AR SR gk — A B BiE
Ji T
2.3 PSAPHHIFIFFFRIVIK

H AT 10 7R B, PSAP 76 2 1 85 I IRVE %« )
AH OGP AR IR T J7 T R 6 AR . Ak, A
5N R IETEIZR B IT & PSAP HIMiil 7. I PSAP fiff
5 31 75 . 15 bestatin . amastatin leuhistin « actinonin /1
2.3.1 Bestatin K3 A] (bestatin) A= —Fh KRS
SUJPK Tl 400 77, T 0 40 g LTA-4H . AP-B Il AP-N 4
SUKBERIETE . ZEPT 1976 4 tH Kayaku M 55 %
PR 2 R, R TR T SR AR 4 A A
. H AT, 7538 ENZ 2P LR 3T IR PR 11 IR PR 5,
F 3677 it 30 Jik v e R bk B2 K o AJF 55 2% B, bestatin
b2 SIS RS R C IR R G A S MR A
P [0 6 B YR 9T, I 0F e JIE ] B O RE E VR T MR .
Bestatin ] B D) T & 327~ 2 IR B HL 4 25 WD BE AR 1 & 1
2.3.2 Amastatin [ 541 7] (amastatin) #& — FfA] 18
B 58 G 1 T 1 SO IR U 1) R, B 5% T ME 98-M3
Sy ESAS R BnT DA R S T 2 A IR P S UK
TR 5 2 I K L I A R & IK I A PSAP 4§
B vE PEST . SR, e 0 S K B A S EIE A . BT
F B, LE A IR By Ath YT AT DG 5 4 7= 2 A0 R 2R R
HX 228 22 G0 B [0 B 00 ) i e A AL R0 G Atk A 905 42
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JER P B A0, B A M AR NI R
2.3.3 PAQ-22 PAQ-22 BEi% KIE T PIQ-22, i ¥l
Wil T30 AP-N. [, &t 5& — FR R a4 1) PSAP
v PO 5 . SR T B HAk 2 g A R e, S eI A
S BRER _E Y R 3 (A B A A R = BRI AT A
Rk, st M Bt TR T %R en
PAQ-22"". [ ) 1 2%t 5T i 7N, PAQ-22 J& PSAP [ —
PR 55 - PEAM BRI H a0, HA o F It gz 28
HA IR F 4o
2.3.4 Artenimol XU 75 & (artenimol) ¥ #% FH K
YRIT TG ROE M R R . R AT PR E AR
), artenimol i 4 JiE P Jil 355 75 95 LA B A (IR 9T AE
Ao AEHE W\ B A B4 20T 5 K B, PSAP &2 artenimol
B — A5 EE E, B H X PSAP I M e 1y BE B 5 W
KA,
2.3.5 CHR-2797 CHR-2797 X F¥ tosedostat, & M1
SUIKEE R H0 0 77, 3 224F T PSAP #1 LTA-4H. {£%
o R B 20 r 7 HE 2 B 1, AR SR R O I
JE I L 2 R ME B BB ZE . Tosedostat H {7 Wi A\ 11 1
Il PRAE 5T, H 3697 S PERE &R A s, 5+ H 4l
PSAP & M1 Wk B 1) 45 F 7 =X B e e g AL i) i R A
RI&
3 REMEE

2E L TR, PSAP /& — P B 4 Mt 14 & i & 3 ik il
A B EY 2 ThRe, GLHE TR T 2 R R 1 40
R EE S HH I P B PR A0 T R e R I A AR R 4
AN Th e MR AE KRS RGNS . ©F
W IE AR AEAS [R50 26 A7 R, PSAP 22 R (2 gk 8l %
EARBR AR . R ST PSAP EW 24 Th Bk AR IE
CVA AN, AE AR SR, FEAL G BT Tk AH X v 2,
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